Abstract. The number of broadband three-component seismic stations in southern California has more than tripled recently. In this study we use the teleseismic receiver function technique to determine the crustal thicknesses and 1/•,/1'• ratios for these stations and map out the lateral variation of Moho depth under southern California. It is shown that a receiver function can provide a. very good "point" measurement of crustal thickness under a broadband station and is not sensitive to crustal P velocity. However, the crustal thickness estimated only from the delay time of the Moho P-to-S converted phase trades off strongly with the crustal ratio. The ambiguity can be reduced significantly by incorporating the later multiple converted phases, namely, the PpPs and PpSs+PsPs. We propose a stacking algorithm which sums the amplitudes of receiver function a,t the predicted a, rrival 
>100 km laterally within the crust. They are much more sensitive to lateral velocity variations than to the Moho depth variations. Using the differential travel tinhe between Prop and the first P arrival can reduce the dependency on the upper crustal velocity, but the result is still strongly influenced by the lower crustal velocity []•ichards-Dinger and Shearer, 1997]. In addition, picking the secondary Prop arrival is not easy and can sometimes be ambiguous. For studies using local earthquakes as energy source the source location brings in additional uncertainty in the Moho depth estimation. Vertical seismic reflection experiment can reveal fine-scale variation of deep crustal structure, provided that the energy sources are strong enough to illuminate the Moho. However, the cost of such surveys is often very high, and their spatial coverage is very limited. An alternative and more effective technique of estimating Moho depth is to use teleseismic receiver functions. Owing to the large velocity contrast across the discontinuity, part of the incoming teleseismic P wave energy will convert into SV wave at the Moho. By measuring the time separation bet, ween the direct P arrival and the conversion phase, the crustal thickness can then be estimated. The estimation provides a good "point" measurement at the station because of the steep incidence angle of the teleseismic P wave. Furthermore, since the direct P arrival is used as a reference time, it can be shown that the result is not sensitive to crustal P velocity.
Receiver function analysis requires digital three-component seismic stations that. are usually not available in large numbers for a specific region. This used to be a drawback of the technique compared with other methods such as using Pn and Prop travel times where good spatial coverage can be achieved by using large numbers of local earthquakes and short-period verticalcomponent stations. Only recently, the number of dig- In this paper we will first discuss the methodology of using teleseismic receiver functions to estimate Moho depth and the associated tincertainties. We will develop a receiver function stacking algorithm to transform the time domain waveforms into the depth domain which gives the best estimations for both the crustal thickhess and Vp/• ratio. Then we apply this technique to all available st, ations and generate a map of Moho depth variation in southern California.
Method
The teleseismic receiver function represents the structural response near a recording station to the incoming teleseismic P wave. Table 2 ). The events are selected from the global earthquakes between 1993 and 1999 with magnitude >5.5 and distance range from 300 to 950 to the center of the network. The abundance of earthquakes within this distance range makes southern California a favorable place for study using teleseismic waveforms. The good epicentral distance and azimuthal coverage helps to average out lateral structural variations.
Results
We use a time window of 150 s in length, starting 30 s before the P on:,et, to cut the P waveform from raw velocity records. The two horizontal components are rotated to the radial and tangential directions. The effective source time function of each earthquake is obtained by stacking all vertical components recorded by the network, after aligning them at the first P arrival. It is then used to deconvolve the three-component waveforms of each station using (1). We chose a to be `5 Hz, which corresponds to a cutoff frequency of 1.5 Hz; A range of water level c from 0.1 to 0.5 is tested to find the optimal c which gives the best, deconvolution result, jndged by the presignal noise level and ta. ngential component am- The 
